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Abstract:  Objective Planting catch crops in a protected vegetable field during the fallow season is an important practice to
reduce the leaching loss of important nutrients. However, few studies have been done on catch crops with high nitrogen and
phosphorus leaching control efficiency in frequent rainfall areas. Method This research set up five planting catch crop
treatments(sorghum treatment, maize treatment, ryegrass treatment, purslane treatment and collard treatment)and a fallow
treatment to study the effect of different kinds of catch crops on nitrogen and phosphorus leaching, NO;-N and NH:-N content
and soil microorganism. Result The results showed that compared with fallow treatment, sorghum, maize, ryegrass, purslane and
collard treatments significantly reduced nitrogen leaching by 12.6, 26.6, 27.4, 28.9 and 26.8 kg-hm™ and phosphorus by 0.10,
0.05, 0.04, 0.04 and 0.13 kg-hm™, respectively. The nitrogen and phosphorus control efficiency was as follows; purslane
ryegrass collard maize sorghum, and collard sorghum maize purslane ryegrass, respectively. The nitrogen control
rates of ryegrass, purslane and collard reached 52.3%, 55.1% and 51.2%, respectively, which were nearly twice higher than the
nitrogen control rates of sorghum and maize. This may be because the ryegrass, purslane and collard treatments had a certain
coverage in the early fallow period(21 days), which reduced the leaching volume by 23.5%, 17.1% and 26.7% compared with
fallow treatment. In contrast, sorghum and maize treatments had poor coverage in the early fallow period, hence there was no
significant difference in leaching volume between sorghum and maize treatments and fallow treatment. In addition, the NO;-N
content in the surface soil(0-20 cm)of ryegrass, purslane and collard treatments was 40.1-52.8 mg-kg ', while in the surface soil of
sorghum and maize treatments it was 67.8-72.7 mgkg'. Besides, compared with sorghum and maize treatments, ryegrass,
purslane and collard treatments also significantly increased the abundance of nirS type denitrifying bacteria in surface soil and
nosZ type denitrifying bacteria in rhizosphere soil, which may enhance the denitrification process in soil. This may be one of the
mechanisms for high nitrogen leaching control efficiency. Conclusion In general, ryegrass, purslane and collard as the catch
crops of protected vegetable field in areas with frequent rainfall can significantly reduce nitrogen and phosphorus leaching, and
collard has the best effect on nitrogen and phosphorus comprehensive control.

Key words: Protected vegetable field; Non-point source pollution; Purslane; Collard; Denitrifying bacteria
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Fig. 1 The rainfall of the protected vegetable field during the catching time
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Table 1 Primers of nirK, nirS and nosZ

SHAFR TIAK 75 (5°-3%)
Gene Primer Sequences
. nir-F TCATGGTGCTGCCGCGYGANGG
i nir-R GAACTTGCCGGTKGCCCAGAC
' Cd3aF GTSAACGTSAAGGARACSGG
s R3cd GASTTCGGRTGSGTCTTGA
nosZF GGGCTBGGGCCRTTGCA
nosZ
nosZR GAAGCGRTCCTTSGARAACTTG

%2 TRRRLETEMNEERIEHE

Table 2 Leaching losses of N and P and the mitigation efficiency of each treatment

MV i Leaching losses/ ( kg-hm™)

2% Mitigation efficiency/%

- THAER AR A U g U
Treatment

Nitrate nitrogen ~ Ammonium nitrogen Total N Total P Total N Total P

R 42.7+£7.7a 0.27+0.00a 52.4+8.5a 0.33£0.03a —_—
R 32.3+1.0a 0.20+0.03ab 39.84+0.7b 0.23+0.05bc 24.0% 30.2%
B S 26.2+2.3ab 0.26+0.03a 35.843.6b 0.28+0.02ab 31.8% 17.2%
LS 21.1+2.9bc 0.16+0.05b 25.0+4.1c 0.29+0.05ab 52.3% 13.9%
ik o 18.543.3¢ 0.14+0.07b 23.545.9¢ 0.29+0.06ab 55.1% 14.3%
FIACH U 22.0+1.9bc 0.13+0.05b 25.643.1c 0.20+0.03¢ 51.2% 39.2%

e RS 5 A AS [F 7Rk R R A B R) 22 5 1 3 (P<0.05), F[A]. Notes: The different letters in a column indicate significant
differences among treatments at P<0.05 levels. The same below. (DFallow, @Sorghum, @Maize, @Ryegrass, &Purslane, @Collard.
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"3 FTRERALGETH EHEYE. ERSENRTE

Table 3 The aboveground biomass, total N content and N uptake of catch crops

HA 21 K K 49 X
e After catching 21 days After catching 49 days
b AR A ALY Mo A b AR b b B A
Treatment
Shoot biomass/ Root biomass/ Shoot biomass/ Shoot total N Shoot N uptake/
(kg'hm™?) (kg'hm™?) (kg'hm™?) content/ ( gkg™) (kg'hm™?)
2 236.4+£31.7b 60.9 = 1.4b 550.8+91.3b 18.8+0.3¢ 10.3£1.7b
5 S 316.7+19.0a 238.5+42.2a 1419.2+167.0a 31.4+0.9a 44.4+4.0a
LY 50.3+4.7¢ 5.0 = 0.0e 59.2+13.8e 18.8+0.5¢ 1.1£0.2¢
TN 96.1+8.2d 10.8 +0.8d 126.7+36.7d 27.6+0.5b 3.5+1.0d
PRH 185.6x11.2¢ 24.9 £ 0.6¢ 197.5+18.0¢c 32.2+1.1a 6.3£0.4c

DSorghum, @Maize, @Ryegrass, @Purslane, G Collard.
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BEAERKMNARRE ., YRR, TSR
1150 2 45 P20 A W B R DR SR VE 4 B 36 s 22
—, AR MREK, B ERX OB A ERE .
ARG HA Y K C4 VEWRGE & 1F M IR AE
Yo W EREIRFAE SR 5 T RHOK 8 AT
Wk T T 42% 0K s T, X PR 7R R A
TR R VER A B0 T o B BY S g S R )
A 3 9D IRV TR 1 AR R K B A UM . AR LR R
KRR ER, SIRNAMAHL, SR B
PRBUTC 25 22 S U, {E D S A8 AE R IR v T R
JEM 94 mg L' fEZE 59 mg-L ' Strock 2 i i
HEE 3 AR R, 7E R —KERIERFR T,
ML AN EURVEY AT 1% 7K 0B TR A 13%
MRS R ER IR s T2 ORI B 4 A R 6 % B,
SRMA L, WOFEREY OFEK, #E . viE
TSR ) b 2 B T R W TTALR VR EE , BRE
b, A IR AR 0 80 T R R R
ARG, SRMALL, SR, Bk, BERE, 5
VA7 D0 RSP A X BB I 2 0D b T O R
e R B e RURG: B 300 D 4 R BN 32 mgeL !
B2 10 mg-L ' LLF, {HAS A Rh 28 BN 7 18] A9 ARk
JEI TR EER (B 2a); RMHKEBRER, S5k
PRIAE BG4 50 v 1 v SR R DK Rt 3 ik b
WHARR (F3), x5ar AP iRaE—5, miky
A R B E 0 SRR AR H O I T
17%~ 27 %M EBARBL (B 3). Tk4ka2 TR i 57
FW, HNATI (7 A 20 H—8 A 19 H ) T E KK
RBEMTE, FW (8 419 HIF) WAEA R
R K, ORI R AR, W
VR IR AR e D DR AR RO W3, (H
FEIN 30~45 d P9 TCIk 3 FRAK IR A v b 24 R vk
[ BEAV AN W R, KEFEWEGZ
SEPTER FOR AT, A K 4 AS BEXT A R
R AT AR, AR PR A YRR R
HAR B W, AR R BN . ARF5E T,
GG A EREY L FIR AR R, BER . B
TP H W E N (21 d) w7 —EmE
@i, SGRE (49 d) MAYEME (£3), A

DLoE 4 R L 55 PRI VR 5 v S RN K AR IR
WHTHIAL T, AP B R TRER | SRl
PIARH B, (EFRAES BE /N, AKFT7 ) 17 56 AN,
K BB TE W 2 4 22 04 DR R 300 i 00 A 2000l 20 ok 2 T AR
L, RRTEXAPr BRI, 2] T ORIR 1S 1,
AR ER —EBER, BRECSED, K4
B AL, ERTOME, XATResiREE
F UG ORI H X U B AR BRI T R B
FERM IR Z — . SO N T 3 T TR AR )
FEECFPAE , SR RAMAT EORTEAE BRI HIER R
RBHFERCR AL
3.2 AEEREYX LEHESRMESRNII

WA, SRS AR R R1E  o &
HEAAET LR RS T, MR TEAIR K G
FHo PIESEC BRI R, e i MR R
FOAEIHNAEY AT 0~10 em HIEHFASS A S M
306 mgkg ' FREE 195 mgkg s wHH 2 P ZE
W B, SIRINAEL, BiEK . s SRR
SR - R A S B AN R AR B AT e, U
I NIEYI RIS 40 d 247, RZ2HIEHS R E
s, IIRIX 3 I PR AR R A G Y
B AR SR WoR, SRR, &N
RbFE YA E D T RE I (0~20 cm) BUREASA
T, RAEW LY SR R K b B 43 0 D T
22.8%H1 27.7%, Ti/NEYERREZ F | DA R
ACH WAL B AR SR S > T 42.7% . 44.9%
i 55.4%, BEMTERMER (K 4a), HRRS
WA RN 5 0 o i S sk AR ELAE 5 A A B R
RGN AT N E A B BB Ak A3 S BHE O B 5
FW], PR EOKFI S s B R S AR LR,
RFEA DB, B EgErh AT R PR R R & .
WAL, AR R 0] S st - HERY Tk 40
AREE MBI AV TG, BRI
HWREAL N5 ( biological nitrification inhibitors,
BNIs ), CLRFRMAATREY], =T KFEFI/NE S
Y5 EA BNLRE SR>3, I Tk W (a5 BE U
N R HERR L BNT Dt ok it RO AR R i
B0 A ) A AT o 5 AT R S 3 SR RN oK A
PR A SR s TR RE U D AP H i 0 S
3.3 AEEREY X R SRR

SRR U TR A ] 300 100 4 o B0t =3 b 7 1
AT AR B TR A, XA IR AL S
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AR TG 0, AT 8% T 4 48 NLO A BRI Pe%,
RAEAER R 20 Tie R E 2, bRtk
NS RS R ER e Ak — AL A R, R il Akt
TP R E AR HOD R, A N A IV A R R 3 i il
(nir FE ) 114E nirkK ( Cu-nitrite reductase gene )
F1 nirS ( Cd,-nitrite reductase gene ), &bk
YRR, W T HAR R SR . A
FE PRI nirk F R H R RAE NLO BRI,
N nirK FEPRIXE A SR 06 L nirS R, 7E 5%
RS R BT g R, R
AW HIED nirS FEEFREART nirk EH, H nirs
R IR SO U, AR R R, ANF
HORAVEY) 3 (%) nirK YRGS AN PE 3 B TG Bk 2% 2%
5, H¥EVBUNT nirS B AEILANTE 5 505 T A1
KHE 0~20 cm 5 nirS B AH AL 40 B 09 3 B
3 T R R OKC [E] 5b ). — 484k AU nos )
HEALE) NLO 5 R N, & b B i i fs — 240

L, nosz JEFAWHEYAE N Fhric, K7 ik
F1 58 4 SO AL VE RO G HERE IR, B 9191 2 ) 1 45
N,O AYHER 5 AL AN nosZ £ 1IEAHIE . ARBFSE
R, FHET nosz B AHALAN B #E DUBGRE] T 10°
copy'g ', ®T nirS Ml nirk B AL, RS
Vi 8RNI H BEAR PR 2 rh nosz TR AL A1 TR 3=
FE B E R TR RMEK (K Sc). ZE/TME, S
SR FORAA H, St AR H 35 2 R T 4
AR BB, it T ARSI TR, A
T/ T R TR SR ) T IR 18 IXURS: o FH 25 08012 ) 25 Ach B
AR RIS (R 4), RrpHAbR R
R ETONEBI, ATLLEH, RIS SR
ik, SZAHLE, S TR A4 R T 94%F
SA% AT, HEAE B T SRR A H W b B
F AR T = 7K, 43 ) s F e S A K Ak
P 65%~85%F1 108%~133%., SIL[EmS, HREY
Xof S Bl AR DL B NLO HERCAY 5 T (B A5 06 o

F4 HERBEBRERTE

Table 4 Apparent nitrogen balance during the fallow period/ (kg-hm?)

PRI 4 4% B IR &5 R A+ ek i ) )
M3 FEHIL NS BN HAotg ik
Residual N before the fallow Residual N after the fallow
Treatment Uptake Leaching loss Other loss
period period
NG 3232 217.4 0 52.4 53.4
[ 323.2 169.4 10.3 39.8 103.6
% 323.2 161.0 44.4 35.8 82.0
oY 3232 126.5 1.1 25.0 170.5
L i® 3232 121.2 3.5 23.5 174.9
PR E 3232 99.9 6.3 25.6 191.4

W EHER AR LRI A SR x EEATE< L BEHREM MR, EEAEN 11 gem?®, HEEEN 20 om, HAbik
A e = N A AR BR - T R 45 RO - 1R B R W - IA IR R i . AN SRS TR R I U4l A1, Notes: The amount of soil

residual N is estimated by the soil inorganic nitrogen content x the soil bulk density x the soil layer depth, the soil bulk weight is 1.1 g-cm>,

the soil depth is 20 cm, and other loss = the amount of soil residue before fallow period - the amount of soil residue after the fallow period -

the amount of plant uptake - leaching loss. Data in the table represent the amount of pure nitrogen. (DFallow, @Sorghum, @Maize, @

Ryegrass, (3Purslane, ©Collard.

4 4k

AHIFFE I R R E U P H A R
ek oRT 400 5 i DX 88 Tl % S PR PRV SEL IR/ A, TR AZ
b 15 O P A T X Ui U Y B R AT IR 51% ~
55%, WEETERMEK, PFREEHR, B
P IR B W LR AE Y R P H i, LRk B

FERHIA 51.2%H 39.2%., AHH RS E K,
F2 0 Ty BRI H W AT R e R P9 — i
B, ERNTTIH CIRIFRT 21 d) WA RhHE
IR TR R B WD T AR . eAh, A
Th i G AP H A 20 T S AR 4
B T E3EF nirS F nosZ B WAL AR A FEFE, 12uk
TRAEAE R, ] RS H P R E AL 2 —
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